Crystal Structure of the C-Terminal Domain of the Hypoxia Regulator Ofd1  by Yeh, Tzu-Lan et al.
50a Sunday, March 6, 2011257-Pos Board B57
Native State Dynamics of Human Neuroserpin Investigated with Hydro-
gen/Deuterium Exchange and Molecular Dynamics Simulations
Crystal Zhou, Anindya Sarkar, Patrick L. Wintrode.
Wild-type human neuroserpin, a member of the serine protease inhibitor su-
perfamily, is expressed in neurons of the central and peripheral nervous sys-
tem, as well as in the adult brain. Polymerization of certain mutants of
neuroserpin is associated with dementia caused by familial encephalopathy.
We have performed hydrogen/deuterium exchange-mass spectrometry in
order to monitor the structural stability and flexibility of different regions
of the neuroserpin structure. We find that beta-sheet A, a critical region
thought to be involved in polymerization, is less stable and more labile in
neuroserpin than in other serpins such as alpha-1 antitrypsin and antithrom-
bin. This may explain why wild-type neuroserpin is more susceptible to po-
lymerization than other serpins. Molecular dynamics simulations also indicate
that Wild Type neuroserpin shows increases flexibility on the nanosecond
timescale as compared with alpha-1 antitrypsin. In the simulations, a novel
2 stranded beta-sheet was formed between the N terminal portion of the
reactive center loop and the loop connecting strand 3A to beta-sheet C.
This phenomenon occurred repeatedly in multiple independent simulations.
If such an interaction in fact occurs in solution, it could contribute to the rel-
atively poor inhibitory efficiency of neuroserpin compared to other serpins by
retarding the insertion of the reactive center loop into sheet A after proteo-
lytic cleavage. Simulations of a pathological mutant of neuroserpin showed
distortions near the top of the central beta-sheet A, a critical site for polymer
formation. This distortion may help explain why the mutant is more prone to
polymerize than wild type.
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Optimized Quantitation from Proteomic Datasets - Application to Lamin
Knockdown and Isoform Modulation During Stem Cell Differentiation
Joe Swift, Takamasa Harada, Jae-Won Shin, Hsin-Yao Tang,
David W. Speicher, Dennis E. Discher.
Label-free mass spectrometry is rapidly emerging as an alternative to anti-
body-based methods, although there is continued need in either case to max-
imize measurement accuracy. Here we describe Spectral Ion Fingerprint
Recognition (SpIFR) for optimized identification of ‘protein fingerprints’
within proteomic datasets derived from liquid chromatography tandem mass
spectrometry (LC-MS/MS). We focus initially on siRNA knockdown of nu-
clear lamina proteins that are low in abundance and tightly regulated in
stem cells, cancer, and aging. Sets of optimal peptides show that intermediate
MS signal - rather than strong signal - is often best for quantitation and pro-
duce a high level of accuracy (56%) while also providing global assessments
of protein changes. Surprisingly, lamin-A and -C spliceoforms are knocked
down to different extents despite siRNA targeting of a shared sequence,
and the results also allow the first calculations of ratios for lamin-A/C to
lamin-B. From the MS-derived proteomes, SpIFR computes an invariant ref-
erence set of ‘housekeeping’ peptides and enables mapping of species-specific
peptides encountered in embryonic stem cell cultures. Based on the measured
knockdown in reference cells, large differences in lamin isoform abundance
between stem cell types are calculated, thus highlighting major differences
in nuclear architecture as well as broad application of the optimized quantita-
tion.
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Characterization of theMetal-Binding Sites ofMetallothioneins and Struc-
tural Changes BetweenMetal-Free andMetal-Bound Forms by IonMobil-
ity-Mass Spectrometry (IM-MS)
Shu-Hua Chen, David H. Russell.
Metal ions play important roles in many chemical and biochemical pro-
cesses, such as oxidation, oxygen transport, and electron transfer. The cellu-
lar trafficking of metal ions is controlled by a group of low molecular
weight (6-10 kDa), cysteine-rich proteins (~30%) referred to as metallothio-
neins (MTs). Despite intensive research of MTs for more than 50 years, the
precise physiological function of MTs has not yet been identified. X-ray
crystallography and NMR studies of fully cadmium-saturated human MTs
have revealed two binding domains in Cd7-MT: the N-terminal b-domain
Cd3(Cys)9 and the C-terminal a-domain Cd4(Cys)11. Although the structure
of fully-metallated MT was published 30 years ago; the structures of metal-
free and partially-metallated MTs are extremely difficult to determine and
the metal-binding mechanism remains unclear. To understand the structural
change of MT upon metal binding, we performed titration experiments and
ion mobility-mass spectrometry (IM-MS). Titration experiments revealedpreferential formation of Cd4-MT with addition of <4 eq Cd
2þ, suggesting
the cooperative binding of four Cd2þ to MT. IM-MS ATD for apo-MT are
composed of a single, broad peak, consistent with multiple conformers, pos-
sibly disordered structure, whereas the ATD for Cd7-MT is composed of 2-
3 distinct peaks. Moreover, shifts in the ATD as MT accumulates metals,
suggest the formation of more compact structures upon binding of metals.
The results from these studies underscore the potential of IM-MS for mon-
itoring structural changes that occur as the number of metals ions bind to
MT, both in terms of increasing and decreasing metal content. In addition,
proposed conformers of partially and fully metallated species and prefer-
ences for metal ion binding can be examined by using combining ion mo-
bility with tandem mass spectrometry and hydrogen/deuterium exchange
(HDX) chemistry.
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First Crystal Structure of Na-ASP-1, a Two-Domain Cap (Cysteine-Rich
Secretory Protein / Antigen 5 / Pathogenesis Related-1) protein
Oluwatoyin A. Asojo.
The major proteins secreted by the infective
larval stage hookworms upon host entry, are
Ancylostoma secreted proteins (ASPs) which
are characterized by one or two CAP (cyste-
ine-rich secretory protein / antigen 5 / patho-
genesis related-1) domains. The CAP domain
has been reported in a diversity of proteins
unrelated by phylogeny and isolated from
bacteria, plants, as well as animals but it has
no confirmed function. The first structure of
a two-CAP domain protein, Na-ASP-1, from the major human hookworm par-
asite Necator americanus was refined to a resolution limit of 2.2 A˚. The struc-
ture reveals two CAP domains linked by a short loop. Overall the carboxyl
terminus CAP domain is more similar structurally to one-domain ASPs than
to the amino terminus CAP domain. This first structure of a two-domain
CAP is a useful template for the homology modeling of other two-domain
CAP proteins.
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Structure of a Prokaryotic Lipoxygenase Bound to a Phospholipid
Albert Garreta, Queralt Garcı´a-Ferna´ndez, Montserrat Busquets,
A`ngels Manresa, Silvana Pompeia do Val de Moraes, Betty J. Gaffney,
Ignacio Fita, Xavi Carpena.
Lipoxygenases are non-heme iron enzymes essential in eukaryotes, where they
catalyze formation of the fatty acid hydroperoxides that are required by diverse
biological (and also pathological) processes. In prokaryotes, most of them
totally lacking in polyunsaturated fatty acids, the possible biological roles of
lipoxygenases have remained obscure.
To date, the available structures of lipoxygenases were only of eukaryotic
origin. Here we report the first crystal structure of a prokaryotic lipoxygenase,
from Pseudomonas aeruginosa (Pa_LOX). The structure shows major differ-
ences with respect to the eukaryotic enzymes, while retaining much of the over-
all lipoxygenase fold. The most striking difference is an insertion in the
catalytic domain of a pair of long antiparallel alpha-helices, contributing to
an enlarged binding pocket in Pa_LOX containing a bound phospholipid:
a phosphatidylethanolamine with well defined chains of 18 and 14 carbons in
length. The insertion acts as a lid that apparently needs to be opened to allow
entrance of the phospholipid into the substrate-binding pocket. This idea is sup-
ported by the variability observed for this two-helix motif in a second crystal
form and by the flexibility of the residues linking the motif to the protein.
The mobility of the two-helix motif, together with the specific interactions
observed between the phospholipid polar head and the protein residues, suggest
a mechanism by which the enzymatic activity of secreted Pa_LOX can be
exerted directly on target cell membranes.
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Crystal Structure of the C-Terminal Domain of the Hypoxia Regulator
Ofd1
Tzu-Lan Yeh, Chih-Yung S. Lee, Peter J. Espenshade, L. Mario Amzel,
Mario A. Bianchet.
Sre1, the fission yeast homologue of the mammalian sterol regulatory
element binding protein, SREBP, is a hypoxic transcription factor required
for sterol homeostasis and low oxygen growth. The level of the N-terminal
transcription factor domain of Sre1, Sre1N, is regulated by Ofd1-Nro1 in an
oxygen-dependent manner. Ofd1 is a putative prolyl hydroxylase of the
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hydroxylase PHDwhich hydroxylates proline residues in the hypoxia-inducible
factor HIF, Ofd1 utilizes its N-terminal dioxygenase domain to control the
interaction between itself and its inhibitor Nro1: in hypoxia, Nro1 binds to
Ofd1 and this inhibits its C-terminal degradation domain (CTDD) function
on Sre1N destabilization. As shown previously, Ofd1CTDD by itself is sufficient
to promote Sre1N degradation and there’s direct interaction between Nro1
and Ofd1CTDD. However, the molecular mechanism by which Ofd1CTDD
accelerates Sre1N degradation remains unclear. Here we report the crystal
structure of Ofd1CTDD at 2.0 A˚ resolution. Interestingly, Ofd1CTDD has a
double-stranded beta helix (DBSH) fold like that of the 2-oxyoglutarate-Fe
(II) dioxygenase protein superfamily but lacks the iron-binding motif character-
istic of the superfamily. This structure may help elucidate how Ofd1CTDD
promotes Sre1N turnover and how Ofd1-Nro1 as a whole functions as an oxy-
gen-sensor.
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Structure of the Sec13/31 & Sec23 COPII coat cage
NIlakshee Bhattacharya, Jason O’Donnell, Abbas Razvi, William E. Balch,
Scott M. Stagg.
COPII coated vesicles are responsible for packaging and transporting newly
synthesized proteins from the endoplasmic reticulum to the Golgi apparatus.
The COPII coat consists of Sec13/31, Sec23/24, and Sar1. Mutation in these
coat protein cause medical conditions like Anderson disease, chylomicron re-
tention disease and cranio-lenticulo-sutural dysplasia, which highlights the bi-
ological relevance of the coat proteins. Previously we solved two different
COPII structures (Stagg et. Al., Nature 2006 and Stagg et. Al., Cell 2008)
that suggest that the hinge region formed by the four heterotetramer can direct
cage expansion to accommodate cargo of various sizes. Recently a tubular
structure of Sec 13/31 solved where the tubules were formed by the concate-
nation of individual sec13/31 cage (O’Donell et. Al, J. STruc. Biol.). Earlier,
we hypothesized that the distribution of Sec23/24 dictates the geometry of
the COPII coat. We now show that Sec23 by itself influences the outer geom-
etry of the cage. We have reconstructed a structure of a COPII coat cage as-
sembled from Sec13/31 and Sec23. The assemblies form at least two
geometries, and the most common size is 600 A˚, similar to what has been ob-
served for Sec13/31. We will discuss how the orientation of Sec23 may dictate
cage geometry and orient Sar1 to participate in the fission of COPII coated ves-
icles in the cell.
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Crystallization of Glutaraldehyde Cross-Linked Prothrombinase Complex
in its Active Form
Cheryl L. Law, Rima Chattopadhyay, Rinku Majumder, Barry R. Lentz.
Activation of prothrombin to thrombin is catalyzed by ‘‘prothrombinase’’
complex, consisting of factor Xa and its cofactor factor Va bound to phos-
phatidylserine (PS)-containing membrane. While partial crystal structures of
Xa and Va exist, attempts to crystallize XaVa complex failed. Recent studies
shows that both Xa and Va2, an active isoforms of Va binding tightly to
PS-membrane, binds soluble dicaproyl-phosphatidylserine (C6PS). Also,
C6PS-bound form of Va2 binds with high affinity (Kd ~ 1 nM) to Xa form-
ing a fully active prothrombinase complex in solution. Preliminary studies
show this soluble complex, when cross-linked with glutaraldehyde, remains
intact after removing C6PS using size-exclusion chromatography. Depending
on conditions, up to 92% of initial activity is restored after adding
back C6PS. To determine optimal formation conditions of an active cross-
linked XaVa complex for use in crystallization trials, we used an algorithm
varying Xa/Va and glutaraldehyde concentration, incubation time, and tem-
perature. XaVa activity was tested after four critical stages (complex forma-
tion, cross-linking with glutaraldehyde, removing C6PS, reactivation with
C6PS) by a chromogenic assay, and the yield of cross-linked complex
was determined by using quantitative Shodex size-exclusion chromatogra-
phy. While preliminary experiments were performed using plasma-derived
human Va2, greater quantities of protein are needed than can be produced
by this method. Since crystallization is more successful with cloned re-
combinant proteins, our lab works with multiple labs to establish procedures
for expressing large quantities of recombinant human Va2 (rHVa2) in Baby
Hamster Kidney cells (BHK). With higher yields of Va2, we are proceeding
with trials to optimize conditions for cross-linked active prothrombinase
complex. If these are successful, we will continue with crystallization trials,
enabling us for the first time to determine the structure of XaVa complex in
its active form. Supported by grant HL072827 and a training supplement
thereto.265-Pos Board B65
Crystal Structures of NAD(P)(H) Sensing NmrA-Like Proteins from
Dictyostelium Discoideum
Min-Kyu Kim, Hyung-Soon Yim, Sa-Ouk Kang.
NAD(P)(H) functions as central coenzyme in catabolic and anabolic reaction.
And recently, many results show that NAD(P)(H) is also involved in signaling
pathways that regulate fundamental processes of cellular functions. NmrA inAs-
pergillus nidulans is known to discriminate between oxidized and reduced dinu-
cleotides and suggested as redox sensor. There are several NmrA-like protein
coding genes in Dictyostelium discoideum and they show developmental
stage-dependent expression levels and especiallyDDB_G0291732gene exhibits
different expression pattern from the other NmrA-like protein coding genes. To
study relation between structure and function, the crystal structures of
DDB_G0291732 and DDB_G0286605 were determined. Crystal structures of
DDB_G0291732 and DDB_G0286605 adopt the features of SDR-type NmrA-
like proteins. DDB_G0291732 and DDB_G0286605 contain conserved N-ter-
minal dinucleotide binding Rossmann fold with a central b sheet and the C-do-
main, containing a hydrophobic pocket connected to the N-domain. Structural
comparisons with known 3D structures reveal that DDB_G0291732
andDDB_G0286605 aremostlymatchedwithHSCARG;humanNADP(H) sen-
sor protein, NmrA; negative transcriptional regulator involved in nitrogen me-
tabolite repression of Aspergillus nidulans and QOR2; new-type quinone
oxidoreductase considered to function as transcriptional regulator of E. coli.
No dehydrogenase activity could be prospected with DDB_G0291732 and
DDB_G0286605 because the catalytic Tyr residue in the active site triad
of Ser-Tyr-Lys is replaced by His and Asp in DDB_G0291732 and
DDB_G0286605, respectively. Cofactor binding experiments reveal that
DDB_G0291732 does not interact with pyridine dinucleotides and
DDB_G0286605 has high affinity with NADP(H) but not with NAD(H). The
mRNA expression levels of DDB_G0291732 and DDB_G0286605 genes after
dehydroepiandrosterone (DHEA) or H2O2 treatment are monitored to examine
how these proteins respond to redox states in D. discoideum.
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Applications of Genetically Encoded Unnatural Amino Acids for Protein
Structure Mapping by Site-Directed Spin Labeling
Mark R. Fleissner, Michael D. Bridges, Tama´s Ka´lai, Jun Y. Axup,
Douglas D. Young, Ka´lma´n Hideg, Peter G. Schultz, Wayne L. Hubbell.
Site-directed spin labeling (SDSL) is an important method for obtaining
structural information on proteins that are refractory to other techniques. In
this method, interspin distances are used as structural constraints for protein
structure mapping, and here we present two applications of genetically encoded
unnatural amino acids for such studies. One application is orthogonal labeling,
in which an unnatural amino acid bearing a unique functional group is used to
specifically introduce spin labels into proteins that are not amenable to the
traditional, thiol-based SDSL method. Recently, a strategy based on p-acetyl-
L-phenylalanine was reported [PNAS 2009 106(51):21637], in which the
ketone was used to generate a ketoxime-linked spin label (K1). Here, we pres-
ent an analogous strategy based on p-azido-L-phenylalanine, which can be
specifically modified using "click" chemistry by a cyclooctyne-nitroxide
reagent to generate a triazole-linked nitroxide side chain (C1). In contrast to
the previous orthogonal labeling strategy, the azide-cyclooctyne reaction pro-
ceeds uncatalyzed at pH 7, and spectra of C1 mutants of T4 lysozyme (T4L)
reflect a more ordered nitroxide motion than the analogous K1 mutant. A sec-
ond application involves the Cu(II) binding unnatural amino acid (2,2’-bipyr-
idin-5-yl)alanine (BpyAla), which enhances the longitudinal relaxation rate
(1/T1) of a nearby nitroxide when copper is bound, thereby allowing average
interspin distances to be measured at ambient temperature using saturation
recovery EPR. In contrast to other methods for paramagnetic metal introduc-
tion, BpyAla can be introduced via a single mutation into any protein topology.
Studies of T4L mutants containing BpyAla and a disulfide-linked nitroxide
indicate that interspin distances of up to ~30A˚ are accessible to T1 based
EPR methods compared to ~20A˚ for traditional T2 based methods. Both
applications are expected to enhance distance mapping capability by EPR
spectroscopy.
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Structural Characterization and Kinetic Analysis of a Bacterial-Type
6-Pyruvoyl Tetrahydropterin Synthase from E. Coli
Kyung Hye Seo, ning ning Zhang, cong Chen, Young Shik Park,Kon H. Lee.
6-pyruvoyl tetrahydropterin synthase (PTPS) is a second enzyme in the
biosynthesis of terahydrobiopterin (BH4). It catalyzes generally the conversion
of dihydroneopterin triphosphate (H2NTP) to 6-pyruvoyl tertrahydropterin
